A Quantitative, Time-Dependent Model of Oxygen Isotopes in the Solar Nebula: Step one by Nuth, J. A. et al.
A QUANTITATIVE, TIME-DEPENDENT MODEL OF 
OXYGEN ISOTOPES IN THE SOLAR NEBULA: STEP l. 
1. A. Nuth 1 1. A. Paquette2,3 A. Farquhar2,4 and N, M, Johnson2, 
ISolar System Exploration Division, Code 690, NASA's Goddard 
Space Flight Center, Greenbelt MD 20771. E-mail: jo-
seph,a,nuth@nasa,gov, 2 Astrochemistry Laboratory, Code 691, 
NASA GSFC 3NASA Postdoctoral Fellow 4USRP Student Intern, 
Introduction: The remarkable discovery that oxygen iso-
topes in primitive meteorites were fractionated along a line of 
slope I rather than along the typical slope 0,52 terrestrial fractio-
nation line occurred almost 40 years ago 1 , However, a satisfacto-
ry, quantitative explanation for this observation has yet to be 
found, though many different explanations have been proposed, 
The tirst of these explanations proposed that the observed line 
represented the tinal product produced by mixing molecular 
cloud dust with a nucleosynthetic component, rich in 160, possi-
bly resulting from a nearby supernova explosion, Donald Clay-
ton2 suggested that Galactic Chemical Evolution would gradually 
change the oxygen isotopic composition of the interstellar grain 
population by steadily producing 160 in supernovae, then produc-
ing the heavier isotopes as secondary products in lower mass 
stars, Thiemens and collaborators proposed a chemical mechan-
ism that relied on the availability of additional active rotational 
and vibrational states in otherwise-symmetric molecules, such as 
CO2, 0 3 or Si02, containing two different oxygen isotopes3,4 and 
a second, photochemical process that suggested that differential 
photochemical dissociation processes could fractionate oxygen5, 
This second line of research has been pursued by several groups6, 
7, though none of the current models is quantitative, 
Lightning as the processing agent: Based on experiments8 
done at GSFC that produced non-mass-dependently fractionated 
solid oxides from plasma, we have previously suggested8 that 
dust processed via nebular lightning could explain the observed 
oxygen isotopic distribution in the solar system, Necessary condi-
tions for nebular lightning have been previously discussed 1o-12 
and we will present preliminary work suggesting that lightning is 
a major component of proto stellar nebulae, 
We will also present preliminary results of the time depen-
dent evolution of oxygen isotopes in nebular dust and the largest 
uncertainties that remain in the model, 
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